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AMENDED CLAIMS 
[received by the International Bureau on 1 March 2002 (0 1 .03.02); 
original claim 1 amended; new claims 22-3 1 added; 
remaining claims unchanged (3 pages)] 

1. A method of treating or preventing a disease in a mamma] comprising administering an 
effective amount of a tetracycline compound, the disease being Alzheimer*' disease, GuiDain Bane 
syndrome, adreneoleukodystrophy, Parkinson's disease, or amyotrophic lateral sclerosis. 

2. A method of dowmegulating microglia expression in a mammal, comprising adnrintstering 
to the mammal in need thereof an effective amount of a tetracycline compound. 

3. A method of inhibiting inflammatory activity associated with microglial activation and 
production, comprising administering to a mammal in need thereof an effective amount of a 
tetracycline compound. 

4. The method of claim 1 wherein the tetracycline compound is a compound of formula (I) 




wherein R 1 is CH 3 or OH andR 2 is Hor OH, orR 1 andR 2 taken together are =CH 2f R 3 and R 4 are 
H or OH and R 3 is CI or ff(QH$h- 

5. The method of claim 2 wherein the tetracycline compound is a compound of formula (I) 
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20. The method of claim 1 wherein die tetracycline compound is administered parenterally, 
internally or via a controlled release formulation. 

21. The method of claim 1 wherein the amount is below the antibiotic effective amount 

22. A method of treating or preventing a neurologic disease in a mammal comprising 
administering to the mammal suffering therefrom an effective amount of a tetracycline compound 
of formula (I) 




wherein R l is CHj or OH and R 2 is H or OH, or R l and R 2 taken together are =CHa, R 3 and R 4 are 
H or OH and R 5 is CI or N(CH 3 )2, the disease being Alzheimers' disease, Oirillain Bane syndrome, 
adreneoleukodystrophy, Parkinson's disease, or amyotrophic lateral sclerosis. 

23. The method of claim 22 wherein the disease is Alzheimer*' disease, 

24. The method of claim 22 wherein the disease is Ouillain Bang syndrome. 

25. The method of claim 22 wherein the disease is adreneoleukodystrophy. 

26. The method of claim 22 wherein die disease is Parkinson's disease. 

27. The method of clam 22 wherein the disease is amyotrophic lateral sclerosis. 

28. The method of claim 22 wherein the amount about 0.1 mg/kg/day to about 45 mg/kgfday. 
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29. The method of claim 28 wherein the amount is about 0. 1 rag/kgfday to about 18 mg/kg/day. 

30. The method of claim 22 wherein the amount is sufficient to reduce symptoms of the disease 
at least 50% compared to pie-treatment symptoms. 

31. The method of claim 22 wherein the administering is done for a period of about 2 to 3 weeks 
or until the mammal becomes asymptomatic of the disease. 
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Statement under Article 19(1) 

In the International Search Report, a single reference, YrjanhdWd ct al., Abstract Database 
Medline, Proa Nat. Acad. ScL (1998) 95(26) 15769-74, has been cited as novelty-destroying as to 
claims 2, 3, 5, 6, 8, 10-13, 15 and 16, and rendering claims 1, 4, 7, 9, 14, and 17-21 as lacking 
inventive step. The reference is understood to be cited as teaching that certain compounds of the 
tetracycline class are useful in the treatment of brain ischemia. 

The gravamen of the Report Is understood to be that utility of tetracycline compounds for 
brain ischemia can be extrapolated to long-term neurodegenerative diseases of the brain, treatment 
of which is the subject matter of the claimed invention Applicant respectfully traverses such 
conclusion. 

The time of onset between brain ischemia and the neurologic diseases addressed by the 
present invention is strikingly disparate. Brain ischemia is an acute event The condition is 
associated with an j™ripg»AtA flow of oxygenated blood to a part of the brain, caused by the 
constriction or blockage of the blood vessels supplying it Ischemia occurs any time that blood flow 
to a tissue is reduced below a critical leveL This reduction in blood flow can result from the 
blockage or breakage of a vessel. 

When an ischemic event occurs, there is a gradation of injury that arises from the ischemic 
site. The cells at the site of blood flow restriction, undergo necrosis and form the core of a lesion. 
A penumbra is formed around die core where the injury is not immediately fatal but progresses 
slowly toward cell death. This progression to cell death may be reversed upon reestablish ment of 
blood flow within a short time of the ischemic event 

In contrast, the neurodegenerative diseases such as Alzheimer's are characterized by 
progressive and irreversible loss of neurons from specific regions of the brain. They are primarily 
disorders of later hfe, developing in individuals who are neurologically normal. Applicant has found 
tetra^line compounds tobeof value in treating these diseases. While there may be some suggested 
c omm cmality of th e presence of one cell type in brain ischemia and neural degeneration , trria amounts 
to no more than a invitation to experiment Such invitation to experiment or "obvious to try" is not 
the measure by which a claim is determined to be lacking in inventive step. As such, the skilled 
person with die teachings of the Yrjanhdkki et aL, Abstract in hand would not have been guided to 
the claimed invention, and would not have had a reasonable expectation of success in treating 
neurologic diseases that have long been treatment-resistant 
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METHOD OF TREATING NEUROLOGIC DISORDERS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the benefit of priority from U.S. Provisional Application 
5 60/230,350, filed 6 September 2000, which is incorporated herein by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Not Applicable 

10 

This invention relates to a method of treating neurologic disorders including 
Alzheimer's disease, Guillain Barr6 Syndrome, adreneoleukodystrophy, Parkinson's 
disease, and amyotrophic lateral sclerosis, by administering an effective amount of a 

15 tetracycline compound. 

Alzheimer's disease is probably the best known central nervous system (CNS) 
disorder. It is the most prevalent human neurodegenerative disease and creates untold 
human suffering at a huge social and economic cost worldwide. The cause of the disease 
is unknown and there are no cures nor, indeed, treatments that in any way ameliorate the 

20 disease course. Affected patients develop classic brain changes with the formation of 
amyloid plaques, neurofibrillary tangles, inflammation and degeneration of neurons. As 
a result of these changes, patients develop progressive memory loss that leads to 
dementia and total reliance on others. 

While there have been recent advances in experimental therapies for Alzheimer's 

25 disease, none is close to being used in human treatment. Thus, there is a critical need for 
the discovery of new drugs or new applications of existing drugs to treat devastating, 
chronic neurologic disorders such as Alzheimer's disease. 

One proposed therapeutic approach is to minimize or prevent the inflammatory 
changes that occur in the brains of, e.g., Alzheimer patients (Selkoe 1999). It is thought 

30 that a key cell in the cellular cascade that results in neuronal death in Alzheimer's disease 
is the microglial cell. These cells are associated with amyloid plaques and produce a 
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number of pro-inflammatory cytokines that can result in neuronal death. Thus, use of 
anti- infl amma t ory agents may be of value in the treatment of neurologic disorder*. 

Second generation tetracycline drugs, well-known for their antibiotic effects, also 
have known anti-inflammatory effects and could have therapeutic use in many serious 
5 central nervous system (CNS) disorders. It has been reported that minocycline, a 
tetracycline compound, reduced the microglial response in the area surrounding areas of 
brain ischemia in an experimental model of stroke, and that it protects neurons against 
death in tissue culture (Yrjanheikki et al 1999, 1998). 

The present invention provides a method of treating neurologic disorders which 

10 includes administering an effective amount of a tetracycline compound of formula (I), 
described hereinafter. In another aspect, the invention provides a method of providing to 
a mammalian system an effective amount of a tetracylcine compound sufficient to down 
regulate microglia expression, activation and production, and hence, prevent, reduce or 
minimize inflammation. 

15 These and other advantages and a fuller appreciation of the specific attributes of 

this invention will be gained upon an examination of the detailed description of preferred 
embodiments and appended claims. 

This invention relates to a method of treating neurologic disorders such as 
Alzheimer's disease, Guillain Barr£ Syndrome, adreneoleukodystrophy, Parkinson's 

20 disease, and amyotrophic lateral sclerosis, by administering an effective amount of a 
tetracycline compound. The present invention is directed to the prevention or treatment 
of a broad spectrum of diseases, which may be linked to microglial activation and 
inflammation. The method can be used to prevent, inhibit or alleviate any condition in 
which results from upregulation of expression or activity of microglia. 

25 In one aspect, a tetracycline compound suitably in accordance with the present 

invention is set forth in formula (I): 
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wherein R 1 is CH 3 or OH and R 2 is H or OH, or R l and R 2 taken together arc =CH 2l R 3 
and R 4 arc H or OH and R 5 is CI or N(CH 3 )2. Compounds of formula (I) of particular 
value in accordance with the present invention are minocycline and doxycycline, i.e., 
wherein R 1 , R 2 , R 3 and R 4 are H and R 5 is N(CH 3 )2; and R 1 is CH 3l R 2 is H, R 3 is OH, 
5 and R 4 and R 5 are H, respectively. Compounds of formula (I) generally have antibiotic 
activity. 

However, non-antibiotic tetracyclines, i.e., those that have little or no antibiotic 
activity, are also contemplated within the scope of the method in accordance with the 
present invention. Mitscher (1978) has reviewed the modifications to the basic 

10 tetracycline structure and their effect on retention of antibiotic properties. According to 
Mitscher, modifications at positions 5-9 of the tetracycline ring system can be made 
without causing the complete loss of antibiotic properties. However, changes to the 
basic structure of the rings system, or replacement or deletion of substituents at position 
1-4 or 1-12, generally lead to synthetic tetracyclines with substantially less, or essentially 

15 no, antibacterial, antimicrobial, i.e., non-antibiotic, activity. The compounds are often 
referred to as chemically modified tetracyclines or CMTs. Many CMTs have been 
synthesized. For example, 4-dedimethylaminotetracycline, i.e., deletion of the N(CH 3 ) 2 
group at the C-4 position, is commonly considered to be a non-antibacterial, non- 
antimicrobial tetracycline, 

20 Other examples of such tetracyclines include 6-demethyl-6-deoxy-4- 

dedimethylaminotetracycline, 4-dedimethyl-5-oxytetracycline,4-hydroxy-4- 
dedimethylaminotetracycline, 5a,6-anhydro-4-hydroxy-4-dedimethylaminotetracycline, 
6anieoxy-5-hydroxy-4-dedimethylaminotetracycline, 4-dedimethylaminotetracycline, 4- 
dedimethylamino-12a-deoxytetracycline, 6<x-deoxy-5-hydn>xy-4- 

25 dedimethylaminotetracycline, tetracyclinonitrile, 6(X-benzylthiomethylenetetracycline, 
mono-N-alkylated amide of tetracycline, 6-fluon>-6-demethyltetracycline, and 11a- 
chlorotetracycline. 

Thus, compounds of formula (I) as well as compounds in which the basic 
tetracycline structure has been altered to render a compound with little or no antibiotic 
30 activity are suitable in accordance with the present invention. 

During recent years, it has been established that tetracyclines, which are rapidly 
absorbed and have a prolonged half-life, exert biological effects independent of their 
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antimicrobial activity (Golub et al. 1991; Golub et al. 1992; Uitto et al. 1994). Such 
effects include inhibition of matrix metalioproteinases, including collagenase gelatinase 
and stromelysin which have been implicated in rheumatoid arthritis. These 
metalioproteinases are known to be upregulated in osteoarthritis-affected joints 
5 (Greenwald 1994; Mohtai et al. 1993). It has also been shown that prophylactic 
administration of doxycycline (a semisynthetic tetracycline) markedly reduced the 
severity of osteoarthritis in dog models (Yu et al (1992)), and that minocycline (a 
semisynthetic tetracycline) is safe and effective for patients with mild and moderate 
arthritis (Tilley et al. 1995). More, recent studies have also suggested that tetracyclines 
10 and inhibitors of metalioproteinases inhibit tumor progression (DeClerck et al. 1994), 
bone resorption (Rifkin et al 1994) and angiogenesis (Maragoudakis et al. 1994) and have 
anti-inflammatory properties (Ramamuithy et al. 1994). 

It has now been found that tetracyclines may be of value in treating certain 
neurologic disorders. The amount of the tetracycline compound used according to the 
15 present invention is an amount that is effectively inhibitory of microglial expression or 
activity. An amount of a tetracycline compound is effectively inhibitory of or 
downregulates microglia activity if it significantly reduces microglia expression or 
activity, or if it reduces microglial cell production. The amount is suitably an anti- 
inflammatory effective amount. 
20 The tetracycline compounds useful in accordance with the present invention 

appear to exhibit their beneficial effect in a dose-dependent manner. Thus, within broad 
limits, administration of larger quantities of a tetracycline compound is expected to 
inhibit microglia activation to a greater degree than does administration of a smaller 
amount. Moreover, efficacy is also contemplated at dosages below the level at which 
25 toxicity is seen. Further, in practice, higher doses of the compounds of the present 
invention are generally used where the therapeutic treatment of a disease state is the 
desired end, while the lower doses are generally used for prophylactic purposes. 

It will be appreciated that the specific dosage administered in any given case will 
be adjusted in accordance with the specific compounds being administered, the disease to 
30 be treated, the condition of the subject and other relevant medical factors that may 
modify the activity of the drug or the response of the subject, as is well known by those 
skilled in the art For example, the specific dose for a particular patient depends on age, 
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body weight, general state of health, on diet, on the timing and mode of administration, 
on the rate of excretion, and on medicaments used in combination and the severity of the 
particular disorder to which the therapy is applied. Dosages for a given patient can be 
determined using conventional considerations, e.g., by customary comparison of the 
5 differential activities of the subject compounds and of a known agent, such as by means 
of an appropriate conventional pharmacological protocol. 

The maximal dosage for a subject is the highest dosage, which does not cause 
undesirable or intolerable side effects. For example, it is contemplated that doses from 
about 0.1 mg/kg/day to about 45 mg/kg/day, and suitably, from about 1 mg/kg/day to 

10 about 18 mg/kg/day are generally effective. Such dosages are generally considered below 
the antibiotic effective dose, typically about 45mg/kg/day. Treatment would be given for 
about 2-3 weeks or until full recovery or until the patient becomes asymptomatic. It is 
anticipated that dosages of the tetracycline compound in accordance with the present 
invention will reduce symptoms at least 50% compared to pie-treatment symptoms. 

15 Systemic administration of tetracycline compounds is contemplated in 

accordance with the present invention, especially those tetracycline compounds capable 
of substantial absorption and effective systemic distribution. 

A preferred pharmaceutical composition for use in the method in accordance with 
the present invention includes a combination of die tetracycline compound in a suitable 

20 pharmaceutical carrier (vehicle) or excipient as understood by practitioners in the art 
Parenteral administration (e.g., intravenous injection) is a desirable route of delivery of 
the tetracycline. For parenteral application, particularly suitable are injectable, sterile 
solutions, oily or aqueous solution, as well as suspensions, emulsions, or implants, 
including suppositories. Ampoules are convenient unit dosage forms. The compositions 

25 for administration may include the tetracycline compound with appropriate diluents, 
carriers, and the like which are readily formulated. 

Enteral use is also contemplated, and formulations such as tablets, liquids, drops, 
lozenges or capsules, can be employed to provide the compound. A syrup, elixir or the 
like can be used if a sweetened vehicle is desired 

30 Alternatively, delivery can by sustained, delayed release (i.e., controlled release) 

to provide a constant serum level of the tetracycline compound. Many controlled release 
systems for controlling the release of an active ingredient over the course of several hours 
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are known, e.g., the wax matrix system, the coated granular, the "miniature osmotic 
pump" system and the Forest Synchron System of Forest Laboratories. 

Also included within the scope of the present invention is the co-administration of 
the tetracycline compound in accordance with the present invention with one or more 
S adjunct agent capable of inhibiting inflammation in tissue, e.g., steroidal and non- 
steroidal anti-inflammatory drugs. The term "co-administration" includes administration 
of two or more agents in a single unitary dosage form, administration of agents 
simultaneously (i.e., at the same time), and administration of agents sequentially. It is 
anticipated that a compound of formula (I) used in combination with various anti- 

10 inflammatory agents can give rise to a significantly enhanced anti-inflammatory effect, 
thus providing an increased therapeutic effect Specifically, as a significantly increased 
anti-inflammatory effect is obtained with the above disclosed combinations utilizing 
lower concentrations of the anti-inflammatory drugs compared to treatment regimes in 
which the drugs are used alone, there is the potential to provide therapy wherein adverse 

15 side effects associated with anti-inflammatory agents are considerably reduced than 
normally observed with the anti-inflammatory agents used alone in larger doses. 

The following examples are provide to assist in a further understanding of the 
invention. Hie particular materials and conditions, employed are intended to be further 
illustrative of the invention and are not limiting upon the reasonable scope thereof. 

20 

Example 1; Alzheimer's disease 

A first set of experiments involves a model system which is a transgenic mouse 
that overexpresses (i.e., produces a gene product that exceeds levels of production in 
normal or non-transformed organisms) a mutant form of the human amyloid-f} precursor 

25 protein. Two sets of experiments are performed. 

In the first, the transgenic mice are treated with a tetracycline compound, e.g., 
minocycline (45mgfleg/day) from the onset of pathological change for a period of 2-3 
months and then the brains of the treated mice are studied morphologically. Differences 
evaluating inflammation, plaque formation and neuronal death are determined between 

30 this group and those receiving no treatment 
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In a second set of experiments, a group of treated animals are studied for a shorter 
period of time as to the ability to resolve pathological changes after they have been 
present for some time. 

Another set of experiments is performed utilizing an in vitro system. A protocol, 
5 established by Coombs et al (2000), is used in which microglia are added to neurons in 
culture and to which amyloid-P peptides are added Minocycline is then be added to 
these cultures and the expression of cytokines known to kill neurons is evaluated as is the 
survival of these cells in the same culture system. This experimental approach allows 
manipulation of variables in the system (i.e. dosage, other drugs) and the data generated 
10 is applicable to in vivo experimental models and, of course, therapeutic trials in humans. 

Example 2: Guillain Ban6 Syndrome (GBS): 

Guillain Barr6 Syndrome is a neuropathy that shares many pathologic hallmarks 
with experimental allergic encephalomyelitis (EAE) except that inflammation, 

15 demyelination and degeneration are limited to the peripheral nervous system (PNS). like 
EAE , an animal model exists which is called experimental allergic neuritis (EAN). It 
has been reported that, in EAE, minocycline prevents the invasion of inflammatory cells 
into the CNS. The goal in EAN will be to stop macrophages from infiltrating into the 
PNS. Such an approach is contemplated to have important therapeutic applications in 

20 GBS (Griffin et 1990). 

Two sets of experiments are performed. In the first, rats, immunized with peripheral 
myelin in Freund's adjuvant, are be treated 3-5 days prior to onset of clinical signs and 
every day thereafter. A control group is untreated The rats are monitored for the 
development of clinical signs and the severity scored Two to three weeks after this, they 

25 ace perfused and the PNS studied morphologically. 

In the second experiment, a tetracycline compound e.g., minocycline, is given at the 
onset of clinical signs, and the animals observed thereafter to determine the prevention of 
progression of the disease and a shortening of the clinical course. 

30 Example 3: Other neurologic diseases 

Inflammation and microglial activation have also been noted to be a significant 
component of the neuropathology of Parkinson's disease, amyotrophic lateral sclerosis — 
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Lou Gehrig's disease, adrcnoleukodystrophy and AIDS encephalopathy. In addition, 
there has been a recent suggestion that microglia may play a key role in the development 
of brain abnormalities in patients with schizophrenia (Munn 2000). Based on the data 
presented above, there seems to be sufficient rationale to consider the compounds of the 

S present invention as a therapy in each of these disorders. 

In summary, the present invention provides a method of treating neurologic 
disorders by administering an effective amount of a tetracycline compound While not 
wanting to be bound by any particular theory, it is thought that the anti-inflammatory 
activity of the compounds of the present invention provides a basis for the compounds 9 

0 therapeutic value in neurologic disorder. 

While the present invention has now been described and exemplified with some 
specificity, those skilled in the art will appreciate the various modifications, including 
variations, additions and omissions, that may be made in what has been described. 
Accordingly, it is intended that these modifications also be encompassed by the present 

5 invention and that the scope of the present invention be limited solely be the broadest 
interpretation that lawfully can be accorded the appended claims. 
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CLAIM(S) 



I claim; 



1. A method of treating or preventing a disease in a mammal comprising 
S administering an amount of a tetracycline compound sufficient to dowmegulate microglia 

expression in the mammal, the disease being Alzheimers' disease, Guillain BarrS 
syndrome, adreneoleukodys trophy, Parkinson's disease, or amyotrophic lateral sclerosis. 

2. A method of downregulating microglia expression in a mammal, comprising 
10 administering to the Fiammal in need thereof an effective amount of a tetracycline 



3. A method of inhibiting inflammatory activity associated with microglial 



15 effective amount of a tetracycline compound. 

4. The method of claim 1 wherein the tetracycline compound is a compound of 



compound 



activation and production, comprising administering to a mammal in need thereof an 



formula (I) 




5 



OH 



O 



OH 



O 



20 



wherein R 1 is CH 3 or OH and R 2 is H or OH, or R 1 andR 2 taken together are =CH2, R 3 
and R 4 are H or OH and R 5 is Q or N(CH 3 )2. 



5. 



The method of claim 2 wherein the tetracycline compound is a compound of 



25 formula 0) 
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wherein R 1 is CH 3 or OH and R 2 is H or OH, or R l and R 2 taken together are =CH 2 , R 3 
and R 4 are H or OH and R 5 is CI or N(CH 3 )2. 

5 

6. The method of claim 3 wherein the tetracycline compound is a compound of 
formula Q) 




10 wherein R* is CH 3 or OH and R 2 is H or OH, or R 1 and R 2 taken together are =CH 2 , R 3 
and R 4 are H or OH and R 5 is CI or N(CH3)2- 

7. The method of claim 1 wherein the tetracycline compound is minocycline or 
doxycycline. 

15 

8. The method of claim 3 wherein the effective amount is an anti infl a mm a t ory 
effective amount 
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9. The method of claim 1 wherein the tetracycline compound is a non-antibiotic 
tetracycline compound 

10. The method of claim 2 wherein the tetracycline is minocycline or doxycycline. 

5 

1 1. The method of claim 2 wherein the tetracycline is a non-antibiotic tetracycline. 

12. The method of claim 3 wherein the tetracycline compound is minocycline or 
doxycycline. 

10 

13- Hie method of claim 3 wherein the tetracycline is a non-antibiotic tetracycline. 

14. Hie method of claim 1 wherein the effective amount is about 0.1 mg/kg/day to 
about 45 mg/kg/day. 

15" 

15. Hie method of claim 10 wherein the effective amount is about 1 mg/kg/day to 
about 18 mg/kg/day. 

16. A method of reducing die neurologic symptoms associated with increased 
20 expression of microglia or increased microglia cell production in a mammal, the method 

comprising administering an effective amount of a tetracycline compound to the 
mammal. 

17. The method of claim 3, wherein an antiinflammatory agent is co-administered 
25 with the tetracycline compound 

18. Hie method of claim 12 wherein the tetracycline compound is administered over 
a period of time until the mammal becomes asymptomatic or the symptoms are reduced 
by at least 50% compared to pre-treatment symptoms. 

30 

19. A pharmaceutical combination comprising a first antiinflammatory agent which is 
a tetracycline compound and a second antiinflammatory agent 
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20. The method of claim 1 wherein the tetracycline compound is administered 
parenterally , internally or via a controlled release formulation. 

5 21. The method of claim 1 wherein the amount is below the antibiotic effective 
amount 
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